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We developed monoclonal antibody C38 which specifically recognizes retinal ganglion cells (RGCs) 
in flatmount preparations of cat and rat retinas. We first induced immunological tolerance in Balb/c 
mice against axotomized rat retinas which lack most of the RGCs. Then the mice were immunized 
with intact rat retinas to produce antibodies against RGCs. Monoclonal antibody C38 appeared to 
be specific for cat RGCs based on immunoreactivities seen in flatmounts and vertical sections of the 
retina. In rats, we verified that over 90% of retrogradely labeled RGCs were immunoreactive for 
C38 antibody. In axotomized rat retinas, surviving RGCs were labeled with C38 without erroneous 
labeling of glial cells. The antigen that C38 recognized was 24 kDa in molecular weight and found in 
cerebrum, cerebellum, and spinal cord as well as retina. It is suggested that monoclonal antibody 
C38 is a useful label for RGCs. 
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INTRODUCTION 
Injury to the central nervous system usually results in 
anterograde and then retrograde degeneration f neurons. 
The neuronal circuitry does not recover spontaneously. 
Similarly, once the optic nerve of adult mammals is 
transected, most retinal ganglion cells (RGCs) degen- 
erate. For example in the rat retina, more than 90% of the 
RGCs die by 1 month after axotomy and only a few 
percent of RGCs are able to survive (Villegas-P6rez et 
al., 1988). In recent years, a number of trials have been 
done to promote RGC survival or to induce axonal 
regeneration from surviving RGCs. A peripheral nerve 
graft to the sectioned stump of the optic nerve (So & 
Aguayo, 1985; Watanabe t al., 1993) has been shown to 
be a powerful means for promoting the survival of RGCs 
by allowing their axonal regeneration through the graft. 
Furthermore, intraocular injections of a small piece of 
peripheral nerve or Schwann cells are also reported to be 
effective in the promotion of RGC survival (Maffei et al., 
1990; Cho & So, 1992). Intraocular injections of 
neurotrophic factors, such as brain-derived neurotrophic 
factor, have also been reported to be effective for the 
survival of RGCs and regrowth of their axons (Mansour- 
Robaey et al., 1994). 
In previous tudies of degeneration or regeneration of
RGCs, the numbers of surviving RGCs were counted in 
flatmount preparations. Furthermore, in flatmounts, 
intracellular injection of Lucifer Yellow to the RGCs 
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enables the study of RGC dendritic morphology and 
classification of their subtypes (Tabata 8,: Fukuda, 1992). 
Another method of identifying RGCs in flatmount 
preparations i to inject fluorescent dye or horseradish 
peroxidase into the optic nerve stumps or visual centers to 
label RGCs retrogradely (LaVail & LaVail, 1972; So & 
Aguayo, 1985; Villegas-P6rez et al., 1988, 1993). As 
many as 95% of RGCs can be labeled with retrograde 
labeling methods (Linden & Perry, 1983). However, 
retrograde labeling has some disadvantages such as dye 
fading and leakage into adjacent non-ganglion cells 
which may lead to misidentification, especially after long 
survival periods following optic nerve transection 
(Thanos et al., 1993; 1994). 
Thus, an immunohistochemical labeling method may 
be a useful tool for the identification of surviving RGCs 
after axotomy. Molecular markers for RGCs which could 
be employed even after axotomy would be a powerful 
tool for both quantitative studies of the number and 
distribution of surviving RGCs and morphological 
identification of surviving RGCs. Several markers for 
RGCs have been reported such as Thy-1.1 (Barnstable &
Drfiger, 1984), AB5 (Fry et al., 1985; Fry & Lam, 1986; 
Bhide et al., 1994) and 4B2 (Dreher et al., 1991). 
However, a suitable marker for labeling RGCs in 
flatmount preparations of cat or rat retinas which is 
applicable even after long survival times is not yet 
available. 
In this study, we produced a monoclonal antibody, 
named C38, specific for RGCs in both sections and 
flatmount preparations of retinas of cats and rats. Specific 
labeling of RGCs in flatmounts was verified by 
comparison of antibody-labeled cells with retrogradely 
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labeled RGCs. We also verified that RGCs were 
identified specifically by C38 without erroneous labeling 
of non-neuronal cells in axotomized retinas. Molecular 
characteristics of the target antigen were determined by 
Western blotting. 
MATERIALS AND METHODS 
Surgical procedures 
Adult male Wistar rats, weighing 250-350g, were 
deeply anesthetized with an intraperitoneal (i.p.) injec- 
tion of chloral hydrate (0.4 mg/g body wt). Optic nerves 
were transected intraorbitally, taking care to avoid 
damage to the ophthalmic artery (Villegas-P6rez et al., 
1988) to induce retrograde RGCs degeneration. The rats 
with axotomized retinas survived for 1.5 months. Adult 
male Long Evans rats, weighing 250-300g, were 
axotomized in the same manner and survived 2 months. 
The treatments of all animals were in strict accordance 
with institutional and NIH guidelines for care and 
treatment of laboratory animals. 
Generation of hybridomas 
The axotomized Long Evans rats were sacrificed by an 
anesthetic overdose, and the retinas were collected 
immediately and homogenized in phosphate-buffered 
saline (PBS) by passing through a 26-gauge needle. The 
homogenates of axotomized retinas were i.p. injected into 
adult female Balb/c mice with an immunosuppressive 
reagent, cyclophosphamide (Shionogi Co., Japan; 
100 mg/kg body wt) once a week for 2 weeks (Rabacchi 
et al., 1990). Approximately one-quarter of whole retinal 
tissue was injected for each injection. The mice were then 
injected with cyclophosphamide without immunogen 
once a week for the following 2 weeks. This injection 
schedule induced immunological tolerance against the 
remaining cells in axotomized retinas which lack most of 
the RGCs because of retrograde degeneration (Villegas- 
P6rez et al., 1988). One month after the final immuno- 
suppression, the mice received three i.p. injections of 
intact Long Evans rat retinas to stimulate effective 
production of antibodies against RGCs. Three days after 
the final immunization, the spleens were removed and 
spleen cells were collected and fused with P3-X63-Ag8- 
U1 myeloma cells using 50% polyethylene glycol 
(Merck, Germany; K6hler & Milstein, 1975; Galfre et 
aL, 1977). The culture supernatants of growing hybrido- 
mas were first screened by indirect immunofluorescence 
on vertical cryostat sections of adult Wistar rat retinas. At 
the second screening, adult rat and cat retinas were 
stained with the culture supernatant. 
Retrograde labeling of RGCs 
Occipital obes of normal Wistar rats were exposed and 
aspirated partially. Small pieces of Spongel 'a (Yama- 
nouchi Co., Japan) soaked in granular blue [GB; p- 
amidinophenyl p-(6-amidino-2-indolyl) phenyl ether, 
Sigma, MO, U.S.A.] were implanted bilaterally into the 
superior colliculi (Vidal-Sanz et al., 1988). Rats survived 
4 days and then were sacrificed as mentioned below. In 
the case of the axotomized Wistar rats, retrograde 
labeling was performed 3 days prior to the optic nerve 
transection. 
lmmunohistochemistry 
Adult Wistar rats were deeply anesthetized and the 
eyes were enucleated immediately. They were embedded 
in OTC compound (Miles Laboratories, IA, U.S.A.) and 
sectioned at 10 ~m on a cryostat. The specimens of rat 
retina were cryosectioned prior to fixation. Then they 
were fixed with 4% paraformaldehyde in 0.1 M phos- 
phate buffer for 30 min. After pre-incubation with 10% 
normal rabbit serum, sections were exposed to hybridoma 
culture supernatants for 30 min at room temperature, 
rinsed with 0.01 M PBS several times, and incubated 
with fluorescein conjugated rabbit anti-mouse IgG 
(Organon Teknika Co., PA, U.S.A.) for 30 rain at room 
temperature. The immunostaining pattern with C38 of rat 
retinas was identical in both the fresh-frozen method and 
postfixation sectioning. The photomicrographs presented 
in Fig. 2 were obtained by the fresh-frozen method. 
The eyeballs of adult cats (3-4 kg) were enucleated 
under deep anesthesia with pentobarbital (35 mg/kg). 
Cornea, iris, lens, and vitreous were removed immedi- 
ately. Retinas with pigmented epithelium and sclera were 
fixed with 4% paraformaldehyde overnight. After 
removing the sclera, retinas were immersed in 30% 
sucrose for cryoprotection. The retinas were cryosec- 
tioned and immunologically stained. 
For flatmount preparations of the cat and rat retinas, 
frontal parts of the eyes were gently removed and the 
retinas with pigmented epithelium and sclera were fixed 
with 4% paraformaldehyde for 1 hr, then the retinas were 
separated from the sclera and postfixed overnight. After 
the pre-incubation with normal rabbit serum, retinas were 
incubated with hybridoma culture supernatants for 48 hr 
at 4°C. After being rinsed in PBS, retinas were incubated 
with fluorescein-conjugated rabbit anti-mouse IgG for 
1 hr at room temperature. The retinas were viewed from 
the vitreous side and the microscope focused on the 
ganglion cell layer (GCL). 
Cell counting 
In the cat retina, the numbers of cells labeled with C38 
were counted in 20 independent areas from photographs 
of GCL; each area measured 0.67 x 0.47 ram. Photo- 
graphs were printed at a final magnification of 250 x. The 
cell densities in each area were calculated as labeled 
cells/ram 2. Cells partly included in frame were counted 
on one side and cells on the other side were excluded. 
In the rat retina following GB application, the numbers 
of cells labeled with C38 and those labeled with GB were 
counted in 16 nonoverlapping areas (0.48x0.33 mm 
each) from center to periphery. The labeled cells were 
counted in photographs printed at a final magnification of 
400x. The numbers of labeled cells were used to 
calculate the mean densities of labeled cells/mm 2 in 
each quadrant. 
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FIGURE 1. Localization of immunoreactivities with C38 antibody in vertical sections of the cat retina. (A) Photomicrograph in 
the peripheral retina taken under a fluorescent microscope with a G-filter. Somas in the GCL and axons in the NFL were strongly 
labeled, with only weak staining in the nuclei. In the IPL, linear stainings that correspond to the dendrites of RGCs were seen in 
both laminae a(arrows) and b (arrowheads). Other layers howed only a background level of labeling. (B) Negative control. The 
inner and outer segments of photoreceptor showed slight autofluorescence. Bar = 50 /lm. (C) Photomicrograph taken at higher 
magnification. A cell with a large soma in the GCL was strongly stained with C38. The staining showed meshwork appearance 
throughout the cytoplasm. The process of the labeled cell extending into the middle layer of the IPL is indicated by arrowheads. 
The nerve fiber was observed (arrow). The cell membrane did not show any immunoreactivity. Bar = 30/zm. Abbreviations a
defined in the text. 
Western blots 
Adult  male Wistar rats were deeply anesthetized with 
an i.p. injection of chloral hydrate. A variety of tissues 
excluding thymus were immediately removed and 
homogenized mechanical ly,  then sonicated on ice in 
PBS. Thymal  tissues were removed from 3-week-old 
Wistar rats under anesthesia with ether, and homoge- 
nized. The homogenates were boi led in sample buffer 
with /~-mercaptoethanol f r 3 min, then separated by 
12.5% sodium dodecyl  su l fate-polyacry lamide gel elec- 
trophoresis (SDS-PAGE;  Laemmli ,  1970). Proteins were 
electrophoretical ly transferred to nitrocellulose mem- 
brane (Towbin et al., 1979). The blotted membranes were 
blocked for 1 hr at room temperature with 5% skim-mi lk  
and 0.05% Tween-20 in 0.02 M Tris-buffered saline. 
They were then incubated with hybr idoma supernatant 
and/or anti-rat Thy- l .1  monoclonal  antibody at 1 : 1000 
dilution (Chemicon International Inc., CA, U.S.A.) 
overnight at 4°C (Burchell et al., 1983). The antibody 
binding was visual ized with Vectastain "'~ Elite ABC kit 
(Vector Laboratories, CA, U.S.A.) according to the 
instruction manual. 
RESULTS 
Localization ofC38 antigen in the vertical sections of cat 
and rat retinas 
When the culture supernatant of  the hybr idoma that we  
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named C38 was incubated on vertical sections of the cat 
retina as a primary antibody, positive immunofluores- 
cence was observed on cell somas in the GCL [Fig. I(A)]. 
The labeling was most intense in the cytoplasm appearing 
as aggregations of small granules, while the nucleus 
showed only faint staining. At higher magnification, the 
labeling seemed to be localized only in and throughout 
the cytoplasm [Fig. I(C)]. The cell membrane showed no 
immunoreactivity. Somas > 20~m in diameter were 
observed. Weak staining was detectable in the inner 
plexiform layer (IPL). Some labeling was diffuse, but a 
few faintly labeled cell processes also extended horizon- 
tally across the IPL [Fig. I(A, C)]. These horizontal 
processes lay in the outer and middle part of the IPL [Fig. 
I(A) arrows and arrowheads, respectively]. Some were 
joined to the cell bodies in the GCL, indicating that 
dendritic labeling did occur [Fig. I(C), arrowheads]. The 
nerve fiber layer (NFL) was also labeled [Fig. I(C), 
arrow]. Fluorescence was at background levels in the 
inner nuclear layer (INL), the outer plexiform layer 
(OPL) and the outer nuclear layer (ONL). Occasionally, 
isolated cells near the outer border of the IPL were also 
labeled (data not shown). These isolated cells constituted 
< 1% of the total number of labeled cells and measured 
> 10 Itm in soma diameter. The inner and outer segments 
of photoreceptor (S) exhibited slight autofluorescence as 
in the negative control [Fig. I(B)]. 
In vertical sections of the rat retina, both the GCL and 
the IPL were labeled [Fig. 2(A)]. Some somas in the GCL 
showed intense labeling. The soma diameter of the cell 
indicated by arrow was 15 × 20pm [Fig. 2(A)]. The 
labeling of the IPL was homogeneous. The OPL and the 
cell somas in the outer part of the INL were also labeled 
intensely. As in the cat retina, the nucleus showed only 
weak staining. The sclera showed non-specific staining as 
in the negative control [Fig. 2(B)]. 
C38 labeling in flatmount preparations of cat retinas 
Cell somas in the GCL were stained intensely 
throughout the retina (Fig. 3). The majority of the labeled 
cells had somas of round to oval shape. Most soma 
diameters ranged from 10 to 25/tm throughout the retina 
as indicated by small arrows [Fig. 3(A,B)], but 
occasionally cells with large somas whose diameter 
measured up to 40/ lm were also labeled. Some of these 
in the peripheral retina showed a stellate appearance with 
their proximal dendrites [Fig. 3(B), large arrow]. Nerve 
fiber bundles running to the optic disk were intensely 
labeled near the optic disk. Neurons sending their axons 
to the bundles were observed [Fig. 3(B), arrowheads]. 
Figure 4 shows the densities of C38-1abeled cells at 
selected retinal eccentricities in cat retina. Cell densities 
decreased toward the periphery away from the area 
centralis (Fig. 4, asterisk). 
C38 labeling in the ganglion cell layer in flatmount 
preparations of rat retinas 
In flatmount preparations of normal rat retinas, viewed 
from the vitreous side, immunostaining with C38 was 
observed in the GCL [Fig. 5(A)]. Cell somas and their 
FIGURE 2. Localization of immunoreactivities with C38 antibody invertical sectionsof the rat retina. (A) Photomicrograph of 
a vcrtical scctioned rat retina taken under a fluorescent microscope with a G-filter. Somas in the GCL were strongly labeled 
(arrow) with some weak labeling in other layers. Thc NFL, IPL and OPL were labeled equally. No staining was observed inthe 
cell nucleus. Bar = 50 lira. (B) Negative control. Sclera showed nonspecific staining. 
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FIGURE 3. Labeling of C38 in the flatmount preparation f cat retina. (A) Photomicrograph of aflatmount of the cat retina taken 
at 0.9 mm temporal nd 0.3 mm dorsal from the area centralis. The C38-1abeled cells in the GCL were roughly categorized into 
two groups. The smaller cells tended to have a round to oval soma with a round nucleus (small arrows). The soma diameter of 
these ceils ranged from 10 to 20 ,um. Cells with larger somas measured up to 40 #m in diameter (large arrows). Most of the 
labeled cells had their axons. (B) The labelings with C38 observed at the peripheral retina taken at 13.7 mm nasal and 5.4 mm 
dorsal from the area centralis. The labeled cells could be categorized into two groups. The cell density was decreased and the 
mean soma size was shifted toward larger ange as compared tothe central parts of retina. The proportion of round to oval somas 
was also decreased. The dendrites of large cells are clearly labeled. A nerve fiber bundle is indicated by arrowheads. 
Bar = 50 ~m. 
axons were labeled clearly, whereas the nucleus had faint 
immunoreactivity. The soma sizes ranged from 10 to 
25/~m. Cells with a large soma tended to be labeled 
strongly and showed a stellate appearance due to labeling 
of their proximal dendrites [Fig. 5(A), arrows]. Smaller 
cells tended to be labeled weakly. Most of the C38- 
positive neurons could be recognized as RGCs because 
they had axons joining nerve fiber bundles [Fig. 5(A), 
arrowheads]. 
To determine which type of cells in the GCL C38 
recognized, GB was applied to the superior colliculi 
4 days prior to enucleation to label RGCs selectively. The 
same area in Fig. 5(A) was re-examined under UV 
excitation to observe GB filling [Fig. 5(B)]. Most of the 
C38-positive cells were also labeled with GB [Fig. 
5(A,B)]. The numbers of C38-positive and GB-positive 
cells were compared for each quadrant of the flatmount 
retina (Table 1). In every quadrant, more than 90% of 
GB-positive RGCs were also labeled with C38. 
C38 antibody labeled RGCs selectively after axotomy in 
rat retina 
One and a half months after axotomy, retrogradely 
transported GB had leaked from degenerated RGCs. 
Other cells with a small soma and a little cytoplasm [Fig. 
6(A, C) arrowheads] were stained as well as RGCs 
1086 T. WAKABAYASHI et al. 
~-~ nasa l  5mm 
FIGURE 4. Cell density analysis of C38-1abeled cells in the flatmount 
retina of cat. Schematic llustration of the cat retinal flatmount s ained 
with C38. Cell densities of C38-1abeled cells were sampled from 20 
locations of the retina, from central to peripheral retina, as indicated by 
solid squares. The numbers represent the densities labeled with C38 
shown in cells/mm 2.The solid circle and asterisk represent the optic 
disk and the area centralis, respectively. 
(arrows). The fluorescence of GB had faded in the 
retrogradely labeled RGCs. When the same retinal areas 
were processed immunohistochemical ly for C38 [Fig. 
6(B, D)], C38-positive cells were rare compared with 
those of the intact retina shown in Fig. 5(A). Among GB- 
positive cells, cells of small and/or irregular-shaped soma 
were not labeled with C38; however, all the C38-positive 
cells were labeled with GB [Fig. 6(A, C), arrows]. The 
soma diameters of cells labeled only with C38 were 
>12/~m. The morphology of the proximal dendrites was 
still detectable with C38. Labeling intensities of C38 
were enough to distinguish surviving RGCs from other 
cells. 
Western blotting of C38 antigen and its distribution 
among several tissues of rat 
Retinal tissues resulted in one sharply focused C38- 
positive band with a deduced molecular weight of 24 kDa 
by Western blotting examination [Fig. 7(A)]. No 
additional C38-positive bands were found on the retinal 
sample [Fig. 7(A), lane 1]. The band of 24 kDa was also 
detectable in cerebrum, cerebellum and spinal cord [Fig. 
7(A), lanes 2-4]. Peripheral nerve neuraxis or non- 
neuronal tissues uch as thymus, skeletal muscle, kidney 
FIGURE 5. Double-labeling study of rat RGCs in the flatmount preparation. (A) Flatmount preparation f the rat retina labeled 
with C38, focused on the GCL. The somas in GCL are strongly labeled (arrows). Large somas tend to be labeled intensely. The 
nerve fiber bundles of labeled cells were also labeled (arrowheads). Four cells indicated by arrows appear like RGCs according 
to their morphology. (B) The same area as in (A) observed with a UV filter. GB was injected in the superior colliculi 4 days 
before the enucleation. As indicated by the arrows, cells labeled with C38 are also labeled with GB. The labeling with GB was 
not strong on the large cells compared to the small cells. Bar = 50 #m. 
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and liver did not show any antigenicity [Fig. 7(A), lanes 
5-9]. Thy-l.1 antibody recognized a single band with a 
deduced molecular weight of 28 kDa in the retina [Fig. 
7(B), lane 1]. When both C38 and Thy-l.1 antibodies 
were used as primary antibodies for the same blot, two 
independent bands at 24 and 28 kDa were detected in the 
retinal sample [Fig. 7(B), lane 2]. 
DISCUSSION 
RGCs were stained with C38 in cats and rats 
We showed that monoclonal antibody C38 could label 
cells in the GCL in flatmount preparations ofboth cat and 
rat retinas. In the cat retina, the labeled cells could be 
designated as RGCs on the following grounds. First, the 
labeled somas are located in the GCL and send their axon 
into the NFL. Second, their dendrites are ramified either 
in sublamina a or b in the IPL. Third, the diameter of 
labeled somas in GCL measured from 10 to 40 #m. The 
soma sizes of cat RGCs were reported to be >10/~m 
(Boycott & W/issle, 1974), while soma diameters of 
displaced amacrine ceils of cat retina were ~< 10 #m 
(Wong & Hughes, 1987). This result strongly suggests 
that C38 labels RGCs whose somas are >10/tm in 
diameter. The isolated labeled cells which occasionally 
appeared along the outer border of IPL are likely to be 
displaced ganglion cells because most of them measured 
>10 #m in soma diameter. 
The density distribution in flatmount retinas also 
suggested that C38 did not label displaced amacrine 
cells in cat retina. The densities of labeled cells decreased 
according to the distance from the area centralis (Fig. 4), 
in a comparable manner to the previous report of normal 
cat RGCs (Stone, 1978). If C38 labels displaced amacrine 
cells which make up more than half of neuronal cells 
distributed in the GCL, greater numbers of labeled cells 
would be observed than we reported. However, the 
possibility of labeling the small population of displaced 
amacrine cells could not be ruled out. For the 
demonstration that C38 labels completely all RGCs, we 
must observe that C38-positive cells were identical to the 
retrogradely abeled cells. To rule out the possibility that 
C38 labels displaced amacrine cells, double labeling with 
C38 and a marker for displaced amacrine cells should be 
carried out in further studies. 
We can conclude that C38 labels nearly all subtypes of 
cat RGCs including ct-, fl- and 7-cells because the soma 
diameters labeled with C38 measured from 10 up to 
40 #m. It has been reported that the large cells with soma 
diameters ranging from 25 to 40 #m correspond to ~- 
cells, while the medium-sized or small RGCs whose 
somas measured from 10 up to 25/am are fl- or y-cells 
(Boycott & W/issle, 1974; Fukuda & Stone, 1974). Thus, 
the majority of labeled cells whose soma diameter 
measured from 10 to 25/an, as indicated by small 
arrows in Fig. 3, probably were fl- or y-cells. The larger 
cells as indicated by large arrows in Fig. 3 correspond to 
or-cells. As the soma diameter measured up to 40 #m in 
TABLE 1. Comparison fthe numbers of cells labeled with C38 and 
those retrogradely labeled with GB* 
Retinal quadrants 
Superior Inferior Nasal  Temporal 
C38-1abeled cells 
(/mm 2) 2208 2253 1327 2416 
GB-labeled cells 
(/mm 2) 2193 2400 1384 2467 
C38/GB (%) 100.7 93.9 95.9 97.9 
* Cell densities of cells labeled with C38 and those labeled with GB 
were compared with each other for each of the four retinal 
quadrants. The proportions ofC38-positive c lls to GB-positive 
cells are shown in the bottom row. 
diameter, the a-cells were labeled with C38. Two linear 
parallel bands observed in the IPL contained endrites of 
large RGCs in either sublamina or b which Correlate to 
the location of OFF and ON RGC responses, respectively 
(Famiglietti & Kolb, 1976). Nevertheless, RGC subtypes 
cannot be identified only from their soma sizes and 
shapes. In order to determine whether C38 labels all 
subtypes of RGCs, we are attempting intracellular 
injections of Lucifer Yellow into C38-positive cells. 
In sections of rat retina, C38 labeled not only the somas 
of RGCs but also the OPL and outer part of the INL (Fig. 
2). We interpreted this to mean that C38 immunoreactiv- 
ity is also located in the cell bodies and dendrites of 
bipolar and/or horizontal cells. In rat retina, C38 is not 
specific for RGCs. However in flatmount preparations, 
when focused on the GCL, RGCs were identified with 
C38 (Fig. 5, Table 1), and the results of double labeling 
suggested that C38 labeled nearly all RGCs in the GCL. 
The soma diameters of C38-positive cells were >10 #m, 
which are larger than the soma size of displaced amacrine 
cells and glial cells. Thus, there was no evidence that C38 
labeled displaced amacrine and glial cells in this layer. In 
general, immunoreactivity for small RGCs was relatively 
weaker than for large RGCs [Fig. 5(A)]. On the other 
hand, stronger labeling with retrogradely transported dye 
was observed in small-sized than large-sized RGCs [Fig. 
5(B)]. This is the reason why some smaller cells seemed 
to be labeled only with GB. In our double-labeling study, 
small-sized RGCs stained weakly with C38 were also 
labeled with retrogradely transported GB. 
Usefulness of C38 in the study for degeneration ofRGCs 
In axotomized rat retinas, C38 selectively labeled the 
few surviving RGCs which also contained GB. Among 
the GB-positive cells, there was a substantial number of 
cells which were not labeled with C38 [Fig. 6(A, C) 
arrowheads]. These might be glial or endothelial cells 
because of having small or spindle shaped somas and 
only a little amount of cytoplasm (not shown). From the 
morphology, they were quite distinct from neurons. The 
soma diameters of cells labeled only with C38 were 
>12 #m. They are too large to be judged as non-ganglion 
• cells (Perry, 1981). Although which cell types other than 
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RGCs were labeled with GB in axotomized animals 
should be clarified by using several cell markers in 
further analysis, there seemed to be no evidence that C38 
labeled cells other than RGCs in the GCL. After the 
axotomy, the numbers of labeled cells with C38 were 
dramatically reduced [Fig. 6(B, D)]. This is additional 
evidence that C38 did not label displaced amacrine cells 
which constitute approximately 50% of neuronal cells in 
the GCL (Perry, 1981). 
C38 may be very useful in the identification of RGCs 
in studies of their degeneration or regeneration. Rats or 
cats are widely used for these experiments (So & Aguayo, 
1985; Watanabe t al., 1993), and we have shown that 
C38 works reliably in the retinas of both species. In such 
studies, it is necessary to distinguish RGCs from 
displaced amacrine cells easily and completely (Perry, 
1981; Wong & Hughes, 1987). Retrograde labeling 
methods have been used for identification of RGCs in the 
intact retina; however, in the axotomized retina, phago- 
cytosis of degenerated RGCs results in erroneous 
labeling of non-neuronal cells (Thanos et aL, 1993, 
1994). In such cases, if cells were labeled with C38 in 
flatmounts, we can identify them reliably as surviving 
RGCs [Fig. 6(B, D)]. 
\ 
o 0 o6 I .  , 
C 
Comparison of C38 with other antibodies 
Biochemical characterization suggested that the C38 
antigen in the retina is a molecule with a molecular 
weight of 24 kDa [Fig. 7(A)]. Since the antigen is 
sensitive to trypsin digestion, it is probably a protein or 
glycoprotein (data not shown). Western blotting strongly 
suggested that the immunoreactivity of the antigen was 
restricted to the CNS [Fig. 7(A)]. Although the biological 
property of the C38 antigen is not clear at present, its 
selective localization suggests unique function in the 
nervous system. 
Several monoclonal antibodies for labeling RGCs in 
mammals have been reported previously. In rats, Thy-1.1 
antigen has been proposed as a specific antigen of RGCs 
(Barnstable & Dr~iger, 1984). However, in a quantitative 
analysis, Thy-l.1 antigen was also localized in some 
amacrine and bipolar cells besides RGCs (Perry et al., 
1984). Cytoplasmic Thy-1.1 antigen loses its antigenicity 
after aldehyde fixation (Morris, 1985). Thus, it is difficult 
to identify somas of RGCs and to estimate the number of 
RGCs with anti Thy-l.1 antibody in flatmounts after 
fixation (Barnstable & Dr/iger, 1984). C38 antibody 
recognizes an antigen different from the Thy-l.1 
B 
D 
FIGURE 6. Double-labeling study of RGCs after axotomy. (A, C) Flatmount retinas of adult rat, 1.5 months after optic nerve 
section. GB was injected into the superior colliculi 4 days before the axotomy. Photomicrographs were taken under afluorescent 
microscope with UV excitation, focused on the GCL. GB-labeled cells with somas >8 pm in diameter, one in (A) and two in (C) 
indicated by arrows, were presumably RGCs. Most of the smaller intensely abeled ceils indicated by arrowheads may be glial 
cells. (B, D) Photomicrographs taken from the same locations as (A, C), respectively, showing RGCs immunostained with C38, 
one in (B) and two in (D). They are the same cells indicated by arrows in (A) and (C). Labeled cells tend to show proximal 
dendrites. Labeling of the non-neuronal cells indicated by arrowheads in (A) and (C) is not detectable. Bar = 50//m. 
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FIGURE 7. Western immunoblotting of C38 and Thy- 1.1 in several tissues of the rat. (A) C38 recognized a molecule of deduced 
molecular weight of 24 kDa in the retina. The lane numbers and corresponding tissues are: (1) retina; (2) cerebrum; (3) 
cerebellum; (4) spinal cord; (5) sciatic nerve neuraxis; (6) thymus; (7) skeletal muscle; (8) kidney; and (9) liver. The antigen was 
detected only in retina, cerebrum, cerebellum and spinal cord. Other tissues, including sciatic nerve neuraxis or thymus, did not 
show any immunoreactivity. (B) Lane 1--Thy-l.1 antibody recognized single 28 kDa band in the retina; lane 2--when both 
C38 and Thy-l.1 antibodies were used as primary antibodies, two separate bands at 24 and 28 kDa were detected in the retina. 
molecule based on the following observations. First, C38 
and Thy-l.1 antibodies label quite distinct bands from 
each other on a Western blot [Fig. 7(B)]. Second, Thy-l.1 
antigen is located in thymus while C38 antigen is not. 
Third, aldehyde fixation did not block C38 antigenicity in
cytoplasm. 
AB5 antibody showed high specificity for RGCs in a 
number of species but not rats (Fry et al., 1985; Fry & 
Lam, 1986; Bhide et al., 1994). It labels a submembrane 
structure just beneath the cell membrane, not cytoplasmic 
elements. 4B2 labels subclasses of RGCs and bipolar 
cells in the cat (Dreher et al., 1991). The results of 
immunoblotting for AB5 and 4B2 have not yet been 
reported. C38 showed istinctly different staining pattern 
and species preference from these previously reported 
antibodies, in that it labels the entire cytoplasm of the 
soma and primary dendrites, allowing RGC to be clearly 
recognized in the rat as well as in the cat retina. 
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